Several different methods can be employed to test for gunshot residue (GSR) on a deceased person's hands, including scanning electron microscopy with energy-dispersive x-ray spectroscopy (SEM-EDX) and inductively coupled plasma-atomic emission spectrometry (ICP-AES). Each of these techniques has been extensively studied, especially on living individuals. The current studies (Part I and Part II) were designed to compare the use and utility of the different GSR testing techniques in a medical examiner setting. In Part I, the hands of deceased persons who died from undisputed suicidal handgun wounds were tested for GSR by SEM-EDX over a 4-year period. A total of 116 cases were studied and analyzed for caliber of weapon, proximity of wound, and results of GSR testing, including spatial deposition upon the hands. It was found that in only 50% of cases with a known self-inflicted gunshot wound was SEM-EDX positive for at least 1 specific particle for GSR. In 18% of the cases there was a discernible pattern (spatial distribution) of the particles on the hand such that the manner in which the weapon was held could be determined. Since only 50% of cases where the person is known to have fired a weapon immediately prior to death were positive for GSR by SEM-EDX, this test should not be relied upon to determine whether a deceased individual has discharged a firearm. Furthermore, in only 18% of cases was a discernible pattern present indicating how the firearm was held. The low sensitivity, along with the low percentage of cases with a discernible pattern, limits the usefulness of GSR test results by SEM-EDX in differentiating self-inflicted from non-self-inflicted wounds.
W hen a gun is fired, the firing pin strikes the primer located in the base of the cartridge case, causing it to detonate. The resultant flame ignites the propellant. Primers used in the United States generally contain compounds of lead styphnate, barium nitrate, and antimony sulfide. Newer primers may lack one or all compounds; while relatively uncommon at this time, such primers will become more common in the future. Heat generated by the ignition of the primer causes the metallic ingredients of the primer mixture to vaporize, recondensing into metal droplets, which then emerge from the muzzle, breech, or cylinder gap of a firearm. The emerging particles (termed gunshot residue, or GSR) may then be deposited on the shooter, the victim, the gun, and the environment. In the case of revolvers, gas rich in primer residue escaping out of the cylinder gap (the space between the cylinder and the back end of the barrel) often deposits residue on the back of the firing hand. In the case of semiautomatic pistols, primer residue escaping from the breech accounts for the bulk of the GSR residue deposited on the back of the firing hand. In rifles and shotguns, excepting autoloading weapons, the GSR emerges almost exclusively from the muzzle. In autoloading weapons, residue will also exit from the ejection port.
Two methods of analysis are routinely used for the detection of the metallic components of GSR: bulk analytical methods employing techniques such as atomic absorption spectrometry (AAS) and inductively coupled plasma-atomic emission spectrometry (ICP-AES) and qualitative methods such as scanning electron microscopy with energy-dispersive x-ray spectroscopy (SEM-EDX). Both methods involve detection of the metallic components of primers.
AAS and ICP-AES employ bulk quantitative elemental analytical techniques. These techniques are often employed in detecting GSR on the hands of a firer because they are relatively quick and easy to perform. The quantity of antimony, barium, and lead is measured on the 4 surfaces of the hands: the 2 backs and the 2 palms. The deficiency in these methods is the lack of specificity: they cannot distinguish between the metallic components of the primer and those from the environment. For instance, they can determine that lead, antimony, and barium are present, and at what concentrations, but not whether these metals originated exclusively from a primer. What constitutes a positive test may vary from laboratory to laboratory, but the standard for a positive test result involving center-fire handgun cartridges is that all 3 metals must be present individually, lead and at least 1 other element (antimony or barium) are elevated above established environmental levels, and the levels must show significant variation from one surface of the hand to another (usually 5-10 times in magnitude to include left/right and back/palm). If these criteria are met, then the metals detected are consistent with GSR and opinions can be expressed in regard to how the weapon was held.
In contrast, SEM-EDX examination of GSR reveals characteristic spherical-shaped particles, ranging in size from submicron to 30 m in diameter, with unique elemental compositions that are characteristic of GSR. The problems with use of SEM-EDX have historically been that the equipment is expensive, the analysis is qualitative and semiquantitative, and the method was both time-and manpower-consuming. The last 2 issues, time and manpower expenditure, have been overcome by the automation of SEM-EDX. The price of the equipment has also decreased. New automated SEM-EDX permits semiquantitation of residue, which is accomplished by counting the number and types of particles on a specified surface area (the adhesive lift used to sample the hands), yielding a number that reflects the density of the particles for different surfaces sampled by the lifts. Particles that contain lead, antimony, and barium are considered characteristic for primer residue. Particles that contain antimony and barium, lead and antimony, or lead and barium are only suggestive of, but not specific for, primer residue because they may be due to environmental sources.
Regardless of the method used in testing, it has been shown in living individuals that whenever a weapon is discharged and GSR is deposited on an individual's hands, as the time between firing and testing increases, the number of particles on the hands decreases because activities such as gentle washing can decrease the number of particles on the hands. 1 Of course, time plays a lesser role in suicides, where the deceased individual obviously does not move or wash his/her hands following death.
Both of these methods, bulk analysis and particle analysis by automated SEM-EDX, can be used to not only identify GSR but also quantitate the amount in regard to spatial distribution (eg, right palm, left back). Theoretically, this distribution could be used to determine whether an individual fired a gun rather than just having his hand in close proximity to a discharging weapon. For instance, if an individual fires a handgun, GSR should be detected on the back of the hand. In contrast, if a person merely handles a recently fired gun in which GSR particles are on the surface of the gun, GSR should be present on the palm. Of course, in suicides, a person may hold a weapon in a nontraditional manner, such that the residue may be on the palm rather than the back of the hand or in some cases on both the palm and the back of the hand. For example, a person may place a hand around the barrel to steady the gun, allowing GSR to be deposited on the palm of the nonfiring hand, as well as on the back of the firing hand. Holding the barrel against or in close proximity to the body also allows this to happen due to the blowback of residue from the entrance wound onto the hand steadying the barrel.
Testing a living individual for GSR is justified when they are suspected of having fired a firearm but deny it. Detection of GSR on the hands of a living individual suspected of having fired a gun provides an investigator with valuable information useful in the interrogation of the individual or in reconstructing the events of the shooting. Knowledge of the spatial distribution of the GSR may be helpful but is not necessary. In the case of the SEM-EDX, quantitation is also not necessary. The results of the tests by automated SEM-EDX compared with AAS indicate that SEM-EDX is markedly superior to AAS in screening living suspects. 2 Detection of GSR is often used as additional evidence to support or refute that a wound was self-inflicted. The distribution of the GSR on the hands (spatial distribution) in suicide cases can be more complicated than for perpetrators in a homicide or assault in that, if a gun is fired in a normal fashion, GSR should be present on the back of the firing hand, which has not been supported by cases but by test firing only. With suicides, many individuals will use 2 hands to hold a gun, causing more variability to the distribution pattern.
Given the previous discussion, we designed a study to test 2 hypotheses: (1) that GSR testing by SEM/EDX could differentiate a self-inflicted from a non-self-inflicted gunshot wound; and (2) that there is a significant difference between GSR testing by SEM/EDX and testing by bulk analysis (ICP-AES). This second hypothesis will be addressed in part II of this series.
MATERIALS AND METHODS
GSR analysis was performed on all suicides by handgun that were autopsied at the Bexar County Medical Examiner's Office over a 4-year period. During this time, GSR analysis was performed by an automated SEM-EDX technology. Samples were taken from the right palm, right back, left palm, and left back surfaces of the hands from the suicide victims, using adhesive lifts, which were then analyzed by a JEOL (Tokyo, Japan) 5800 electron microscope and a Oxford ISIS (Oxford, United Kingdom) silicon-lithium EDX. The entire lift is scanned by the electron microscope at 320ϫ magnification and 20-KeV accelerating voltage with 30% dead time, and particles are analyzed by energy-dispersive x-ray. The particles are classified as lead, lead-barium, leadantimony, barium-antimony, lead-barium-antimony, or unclassified. Each classified particle is confirmed by a manual review of both the SEM and EDX data by an experienced scientist.
Information concerning the type of weapon (automatic versus revolver), ammunition type (9 mm, 357 magnum, 22, 38 special, 380, 45), type of wound (contact skin, contact intraoral, noncontact), and location of wound (head, chest, etc) was obtained from the autopsy reports and the investigating agencies and was included in the analysis.
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RESULTS
A total of 116 undisputed suicides via handgun had SEM/EDX performed within the years encompassed by the study. The demographic data are summarized in Table 1 .
GSR analysis revealed that particles characteristic for GSR (lead-barium-antimony) were detected in 50% of the cases. Other particle pairs (barium-antimony, lead-barium, lead-antimony) have been shown to be associated with, but not diagnostic of, GSR. These particles were present in a total of 9.5% of cases where characteristic particles were absent. Since these particles are suggestive of, but not diagnostic for, GSR and they represented a statistically insignificant portion, they were not considered in further analysis.
Analyses of GSR results for each specific weapon and ammunition type are summarized in Table 2 . A GSR kit was considered positive if a minimum of 1 particle characteristic for GSR (lead-antimony-barium) was present on any of the 4 hand surfaces. Statistical analysis (z score) showed the proportion of positive results from the 22 automatic, 22 revolver, and 357 magnum revolver were all significant (P Ͻ 0.05) in that the probability of obtaining a positive GSR result when using one of these 3 weapons is lower than using any of the other weapons. This is an expected result with respect to the 22 ammunition but is unexpected for the 357 magnum revolvers, where it could be hypothesized that the presence of a cylinder gap would result in more GSR positive results than an automatic; however, analysis shows just the opposite.
The GSR data were also analyzed, considering the range and location of the entrance wound, as to the potential ability to determine how the weapon was held based the pattern of the GSR results. For example, if the weapon was held in the right hand and the left hand was used to stabilize the weapon, one would expect the back of the right hand and the back/palm of the left hand to be positive for GSR. These data are summarized in Table 3 . Interestingly, the 38 revolver generated a discernible GSR pattern most often (statistically significant, P Ͻ 0.05). However, a pattern was present with the 38 special revolver in only a little over one third of the cases.
The cases that produced a discernable pattern were further analyzed to determine whether the GSR deposited more often on the shooting hand, the stabilizing hand, or both hands. The data are summarized in Table 4 . The data show that the GSR was deposited on the shooting and the stabilizing hands in an equal number of cases, but the majority of cases had positive GSR results on both hands. Due to the small sample size, however, the results are not statistically significant.
The type of wound was analyzed with respect to whether a specific location or range more often yielded positive GSR results. Analysis was also performed to see if the type of wound determined whether a pattern of GSR was obtained. This data are summarized in Table 5 . The most common types of wounds seen were contact wounds, either directly on the skin (usually head) or intraoral. While most contact skin and contact intraoral wounds were positive for GSR, they were not statistically different from the overall percentage. The percentage of patterns obtained from the wound types was also not statistically significant from the either the overall data or each other. Thus, the conclusion can be drawn that the location of a contact wound does do not affect GSR positivity or pattern recognition.
DISCUSSION
This study of 116 cases of GSR testing on known suicides by SEM-EDX illustrates several key points. GSR results cannot be used to differentiate a suicide from a homicide. Investigators often look to GSR results for a specific pattern showing how the gun was held, thus proving suicide or homicide. This study, which looked at known suicide cases where the manner of death was not in question, showed that GSR by SEM was only positive in 50% of the cases, and only 18% of these yielded a specific pattern as to how the firearm was held. Thus, this study reiterates what previous studies have shown 3 : while GSR may be helpful in confirming the manner of death, it cannot and should not be used to differentiate suicide from homicide. The authors discourage the use of hand-lift GSR results to make such a differentiation.
GSR by SEM cannot be used to absolutely determine whether or not a person fired a gun, because 50% of persons who are known to have fired a gun directly before death show no evidence of GSR by SEM/EDX. A positive result can be helpful, but it only indicates that a person fired a gun, was near a firing gun, or touched a firearm that had recently been discharged. The spatial distribution of the GSR can sometimes help differentiate which of these scenarios is most likely; however, results from this study showed discernible GSR patterns only 18% of the time. Thus, while a positive test for GSR by SEM/EDX may be helpful, a negative test may not be, depending upon the circumstances.
In this study of 116 known suicides, 50% tested negative for GSR by SEM-EDX when the person was known to have fired a weapon. Thus, on average 50% of persons who discharge a firearm will have a negative test by SEM/EDX; however, since the results of GSR testing vary by firearm type, a negative test may have more value, depending upon the type of weapon a person was to have discharged (for example, a negative test for a 45 automatic weapon may be more convincing than a negative test for a 22 automatic).
A comparison of using SEM-EDX versus ICP for GSR analysis will be addressed in part II of this series on GSR testing.
